The ability to calibrate seismic stations to improve the monitoring of the Comprehensive Test Ban Treaty is partially limited by the availability of seismic events with known locations and source properties. To confidently extrapolate from these events to aseismic regions, and to properly account for discontinuities in seismic properties requires accurate geophysical models. This paper lays out a preliminary, first-order, regionalization of the Middle East and North African (MENA) region. The model specifies boundaries and velocity structures based on the geology and tectonics of the region, previously published studies, and empirical data observations by the LLNL group. This model is a starting point and is expected to be improved and refined by comparisons with ongoing tomography efforts and the collection of new data. We anticipate that this model and its successors will prove useful as a background model in the process of forming station calibration maps based on intelligent interpolation techniques such as kriging. We also hope the model, as it improves and demonstrates some predictive power, will provide a reference model for broader CTBT research efforts in detection, location and discrimination as well as other aspects of earth science.
Introduction
Effective seismic monitoring of the Comprehensive Test Ban Treaty (CTBT) involves detection, location, and identification of seismic events of relatively low magnitudes (I 4.0) at the regional (< 1500 km) scale.
Accomplishment of this regional monitoring task requires that seismic observation stations, whether single component, multiple component, or arrays, be calibrated. The calibration process is complex: travel time curves must be determined with sufficient accuracy to locate events within 1000 km2; the existence of and characteristics of relevant phases (e.g. Lg, Pn) must be determined in order to use them for discrimination; regional attenuation must be assessed to determine detection and identification limits. All of these factors affecting regional characterization are strongly dependent on regional characteristics of the earth's crust; large differences in the character of seismic propagation in small local regions can strongly affect the performance of a given seismic station or group of stations. Natural seismic sources are the primary data relied on for calibration because artificial sources such as mine explosions are limited spatially, often not large enough, and dedicated calibration explosions are expensive. Seismic sources are of limited spatial extent also, so we need some means to assess the extent of the calibration requirement in areas of sparse seismicity. Our task is somewhat aided by the fact that the areas of lowest seismicity are generally areas with uniform crustal structure and geophysical properties.
Previous efforts to develop distinct seismic regions, such as those of Flinn and Engdahl (1965) and Flinn et al. (1974) Flinn et al. (1974) . More recent regionalizations (e.g. Jordan, 1981 , Mooney et al. 1998 are mainly intended for global use and with resolutions of 5", their boundaries are still too coarse for our regional calibration. The purpose of this report is to define a preliminary set of geophysically distinct regions that can be used for the following purposes:
1.) Provide intelligent estimation of relevant calibration properties, such as attenuation, crustal thickness, crustal velocities, and phase behavior-particularly in aseismic regions where calibration data is sparse.
2.) Provide guidance on spatial parameters affecting calibration, such as the boundaries to be used in determining correlation lengths for regional travel time corrections.
3. Provide a platform for assessing progress in location determination, discrimination, detection-the entire calibration process-and aid in determining the priority of and planning of calibration experiments.
Below we establish a definition of a geophysically distinct region, define an initial set of 28 regions within the geographical area of southern Europe, north Africa, the Middle East and southwestern Asia, establish an initial set of crustal thickness and velocity values for each of the regions, and outline sets of additional data that can be incorporated into this working model. We emphasize that this paper represents the starting point for an iterative process; this initial set of regions will be built upon and modified as additional data are acquired and analyses proceed.
Definition of a geophysically distinct region
Our definition of a geophysically distinct region is the following: a region of the earth's crust, defined to 1" resolution, for which geophysical properties can be considered uniform for the purposes of regional seismic calibration. The vague nature of this definition is deliberate; we do not profess to know, a @oY~, what all the geophysical parameters are that uniquely affect regional calibration, so we do not want to be overly restrictive at the beginning. Experience tells us, however, that factors such as tectonic style (e.g. collisional orogen, continental extension, Archaean crust with thin sediments), crustal velocity profiles, and regional phase character will be important. The most difficult part of the definition process is how to I determine a level of uniformity. For example, the Arabian plate consists of crystalline basement covered with sedimentary cover varying in thickness from zero to over 10 km. What variation in the thickness of sedimentary cover can be considered to be within a workable definition of "uniform"? At this point we don't know the answer, so we establish a set of working hypotheses. In the present case we have made such decisions in a way that minimizes the number of distinct regions. Reasoning for such decisions in each region are discussed below.
In defining the geophysically distinct regions outlined in this report,
we have relied on several sources of information; they are listed below:
1.) A tectonic map of the world, produced by Exxon corporation; Kaplan et al. (1985) .
2.) The ETOP05 digital topography and bathymetry database.
3.) Global seismicity location and depth catalogs currently stored in the Lawrence Livermore National Laboratory (LLNL) seismic database, primarily the National Earthquake Information Center (NEIC) Preliminary Determination of Epicenter (PDE) listings, among others.
4.) The Crust5.1 world crustal thickness and velocity model developed by Mooney et al. (1998) . and academic institutions will be incorporated into the regional models and used to test and modify the shape and properties of each region designation.
Some of these additional data types are:
1.) Characteristics of regional phase propagation, such as path corrections, attenuation (Q>, and phase blockage maps.
2.) Tomographic maps of Pn velocity.
3.) Surface wave group and phase velocity tomography maps.
4.) Receiver function estimates of crustal thickness 5.) Regional broadband waveform modeling 6.) Correlation maps and travel time corrections for regional stations.
The Geophysical Regions and Their Characteristics
The preliminary set of 28 regions is illustrated, superimposed on a map with ETOP05 topography and bathymetry and NEIC PDE seismicity of events Below we discuss some of the characteristics of each region that uniquely define it for our purposes. Table 1 gives a listing each region and some of the characteristics, such as sediment thickness and crustal velocity, which define it. Velocity models for each region are listed in the Appendix.
Region #1 -Oceanic crust of the Atlantic and Indian Oceans.
Since our primary purpose for this paper is to define properties of continental geophysical regions, definition of this region is mostly pro fivma.
Region 1 encompasses the continental platform areas and deeper oceanic areas of the Atlantic ocean and Indian oceans proximal to Africa, Europe, and central Asia. It also includes oceanic spreading centers in the Gulf of Aden and Indian ocean. So defined, this region includes quite a variety of crustal types: continental margins, older oceanic crust with thin sedimentary cover, and young oceanic crust with spreading ridge. In order to account for all of these different crustal types it may make sense to subdivide this region further, perhaps on the lines of (Mooney et al., 1998) , but for now we have chosen to simplify by defining this region as typical oceanic crust with sediment thickness varying from 0 to 5 km (Mooney model AO-A5-normal oceanic crust, with variable sediment thickness). Note that here and for all of the rest of the models we adjust the mantle shear velocity to be consistent with a Vp/Vs ratio of 1.77, after Mooney et al. (1998) .
Region #2 -Oceanic crust of the deep Mediterranean.
This region consists of deep basins underlain with oceanic crust in the western and eastern Mediterranean Sea. Sediment thicknesses are O-10 km and the oceanic crust below is somewhat thicker than normal oceanic crust.
In the western Mediterranean there is halokinesis in the upper part of the sediment column; evaporite (P velocity 3.5 km/s) and halite (P velocity 4.5 km/s) units can be up to 600 m and 1000 m thick, respectively. Below these are as much as 4000 m of sediments with oceanic basement. As is the case with normal oceanic crust, the Lg phase does not propagate through this type of crust. Mooney uses velocity models B3 and B4 (melt affected oceanic crust and oceanic plateaus, with 3.5-5 km of sediments). We suggest using a modified model B4 for this region, with a slightly lower Pn velocity than that of B4.
Region #3 -Deep basins of the Black Sea and southern Caspian Sea.
The effects of the south Caspian Sea area on Lg propagation are well known. Priestley (1997) Badri (1991) , in an interpretation of a long refraction line in southcentral Saudi Arabia, finds the crust 42 km thick, thinning to 38 km in the southeast towards the Red Sea. Mechie et al., (1986) , interpreting the same seismic line as Badri [see also Mooney (1985) , Healy et al., (1982) , and Mooney Sn propagation is limited to the northern part of the plateau [Rodgers et al. 1997 ) and so this region may require further subdivision. The Mooney model for this region is Pl-orogen, 46 km crust, 2 km sediments, which is adequate for our purposes.
Region #16-Makran margin of southern Iran and Pakistan
This is also a region of plate collision, but we separate it from region #12, Zagros, and region #15, Iranian plateau, because this is a region of oceanic collision (in this case subduction) beneath southern Iran and Pakistan. Byrne et al. (1992) show that subduction of oceanic crust in this region is probably low angle, and the trench is choked with a very large sediment influx from the outflow of the Indus river. A line of active volcanoes occurs about 500 km north of the southerly limit of deformed sediments in the trench, consistent with a subduction zone geometry. Byrne have not gathered as much data on the following regions, the descriptions to follow will be somewhat more abbreviated than those above.
Region #17-Aegean and western Anatolia back-arc extensional area
This is the region of western Turkey and southern Greece in which crustal extension is taking place northward of the Aegean arc. Panagiotopoulos and Papazachos (1985) found Pn in Greece to be 7.8-8.0 km/s. Where sufficient data exists, location and discrimination calibration can be done completely empirically, via intelligent interpolation techniques such as kriging (e.g. Schultz et al., 1998) . Concurrently it should be possible to refine regional models to fit the data very well in these areas, though resolving conflicts between different datasets will still require much work.
Where data is sparse, or significant geophysical boundaries exist, we hope the model will help guiding the extrapolation of calibration parameters to aseismic areas. 
